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Description 

This invention relates to infrared detectors compris- 
ing at least one detector element sandwiched between 
a substrate and an optical element, and relates particu- s 
lariy but not exclusively to such Infrared detectors com- 
prising an array of detector elements of cadmium mer- 
cury teliuride with a corresponding array of immersion 
lenses as the optical element. 

As described in published United Kingdom patent io 
application GB-A-2 132 757 (and the corresponding 
United States patent specification US-A-4 629 892). it 
is Itnown to form an infrared detector comprising a de- 
tector element which has a body of infrared-sensitive 
semiconductor material (for example, cadmium mercury 
teliuride) and which is sandwiched between a substrate 
and an optical element in the form of a lens, the lens 
being secured over the element body by an adhesive 
film. In this manner, optical immersion of the detector 
element is obtained so as to increase Its sensitivity. 

In the prior art to which GB-A-2 132 757 refers, the 
adhesive film is present between the detector element 
and the lens so as to bond the detector element to the 
lens. How:ever its presence was considered in GB-A-2 
1 32 757 to give rise to difficulties in infrared transmission 
through the adhesive, in differential thermal expansion 
leading to structural failure and in adversely affecting a 
passivated surface of the element body. The invention 
disclosed in GB-A-2 1 32 757 provides three small radi- 
ally-disposed lens contact pads around a single detector 
element and avoids the provision of the adhesive film 
between the detector element and the lens. Thus, in ac- 
cordance with the invention in GB-A-2 132 757, the ad- 
hesive film is provided only on the three radially-dis- 
posed contact pads which are formed of the same ma- 
terial as the element body. 

Immersion lenses and other optical concentrators 
have also been formed as an array in an optical plate 
as described in United Kingdom patent specification 
GB-A-1 525 562. Similar arrays have also been formed 
in an optical plate for infrared regions of the spectrum, 
for example the wavebands 3 to 5 ^m (micrometers) and 
8 to 14^m. GB-A-2 241 605 filed on 11 .09.85 and pub- 
lished on 04.09.91 describes an array of infrared detec- 
tor elements (for example of cadmium mercury teliuride) 
which is bonded to such a lens-array plate by an adhe- 
sive film. Such an arrangement is illustrated in Figures 
1 and 2 of the accompanying drawings. 

In the array arrangement previously proposed by 
the applicant in GB-A-2 241 605 and shown in Figures 
1 and 2, the adhesive film 11 extends between the ele- 
ment bodies 1 and the lens plate 10 and fills the space 
between the element bodies 1. The detector elements 
are infrared photodiodes having a vertical p-n junction 
3 dividing the body into a p type region 2 and an n type 
region 4. The element bodies 1 are mounted (for exam- 
ple byafurtheradhesivefilm, not shown in the drawings) 
on a substrate 20 carrying electrical connections 22 and 



24 to respective electrodes 5 and 6 of the regions 2 and 
4. 

Upon bonding the lens plate 10 to the element bod- 
ies 1 , the applicant has noticed two unexpected chang- 
es in the characteristics of the photodiodes, namely a 
decline in the cut-off wavelength (for example by almost 
Ijim at a wavelength of about Byim) and an increase in 
the junction resistance (for example by about 30% for 
the vertical junction diodes illustrated). Figure 3 is a 
graph illustrating the shift in the cut-off wavelength X in 
|im. The reciprocal of X is plotted as the ordinate against 
the operating temperature T of the detector element In 
degrees Kelvin as the abscissa. The line A is for the de- 
tector element material without the lens plate 1 0 bonded 
thereto, whereas line B is for the bonded element struc- 
ture of Figures 1 and 2 with a silicon lens array 10 and 
an epoxy adhesive film 1 1 . 

The applicant has found that this shift in cut-off 
wavelength (and the change in junction resistance) can 
be significantly reduced by adopting a detector structure 
in accordance with the present invention. 

According to the present invention there is provided 
an infrared detector comprising at least one detector el- 
ement which has a body of infrared-sensitive semicon- 
ductor material and which is sandwiched between two 
members, namely a substrate and an optical element, 
one of the members being secured over the body by an 
adhesive film, which device is characterised in that the 
element body is a part of a wider layer of the infrared- 
sensitive semiconductor material which occupies a ma- 
jority of the volume around the element body between 
the substrate and the optical element, the adhesive film 
is present between the layer and the one member, and 
in that the element body is laterally separated around at 
least a majority of its periphery from the remainder of 
the layer by a slot which extends through at least part 
of the thickness of the layer and which defines at least 
a majority of the periphery of the element body. 

Such a device structure can be adopted for an in- 
frared detector comprising a single detector element. 
However, it is particularly advantageous for arrays of de- 
tector elements. The improvement In detector element 
characteristics (particularly a reduction in the change of 
cut-off wavelength and resistance) appears to result 
from a reduction in stress in the semiconductor material, 
which stress in the Figures 1 and 2 structure is induced 
by the contraction of the adhesive film 11 and changes 
the energy bandgap of the semiconductor material. 

Thus, the applicant explored several possible ex- 
planations for the wavelength shift of Figure 3, namely: 

(a) optical Interference effects in the interfacial lay- 
ers between the lens 10 and cadmium mercury tel- 
iuride material of the body 1 . This explanation was 
discounted because the applicant found that detec- 
tor elements having different thicknesses of interfa- 
cial layers (for example different thicknesses of a 
ZnS passivation layer) exhibited the same wave- 
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length shift. 

(b) absorption in the lens 10 (for example due to 
oxygen which has a characteristic absorption at 
9|im in silicon). This explanation was discounted 
because at a temperature of 77K the response goes 
out to 9.9^ni with no fall at 9\m\, 

(c) absorption in the silicon lens 10 due to milling 
damage when forming the lens profile by ion milling 
the silicon. An experiment was carried out to inves- 
tigate whether milling changed the infrared trans- 
mission of silicon. It did not, and so this explanation 
was discounted. 

(d) absorption in the adhesive film 11. The infrared 
transmission spectra for the epoxy resin was exam- 
ined and shows peaks and troughs. However, these 
peaks and troughs are too closely spaced to 
account for the toss of response over 1^ in wave- 
length, and so this explanation was discounted. 

(e) a stress-induced change in the energy bandgap 
of the cadmium mercury telluride due to the differ- 
ential thermal expansion of the silicon lens material 
and the cadmium mercury telluride detector ele- 
ment material during cooldown of the detector. Dif- 
ferential thermal expansion was mentioned in GB- 
A-2 1 32 757 as a possible problem which could lead 
to structural failure or degradation of the passivation 
layer. 

(f) a stress-induced change in the energy bandgap 
of the cadmium mercury telluride due to shrinkage 
of the adhesive film 1 1 (for example by evaporation 
of its solvent on setting of the film 11) which could 
lead to changes in the dimensions of the element 
body 1 , for example by compression in the vertical 
direction between the lens 1 0 and substrate 20 and 
perhaps even by pulling in the horizontal directions. 

Since a change in bandgap would also account for 
the increase in junction resistance, explanations (e) and 
(f) were favoured. 

In order to investigate the possible explanation (e) 
above, an array of detector elements formed around ap- 
ertures in a common layer as described in United States 
patent specifications US-A-4 521 798 and US-A-4 559 
695 was substituted for the array of separate element 
bodies of Figures 1 and 2. In this modified form, there 
is no space between neighbouring detector elements 
and so the adhesive film 11 is confined to the upper sur- 
face of the array layer (and the small apertures in the 
layer). In this case, substantially no shift In the cut-off 
wavelength X was found, and so this possible explana- 
tion (e) was also discounted. 

Confirmation of the validity of explanation (f) for the 
wavelength shift is given by the significant reduction in 
the change of both the cut-off wavelength and resist- 
ance when the detector structure in accordance with the 
invention is adopted. The volume of the adhesive film is 
significantly reduced in this case since the majority of 
the volume around the element body is occupied by the 



wider layer of the semiconductor material (somewhat 
similar to the modified structure with the array of US-A- 
4 521 798 and US-A-4 559 695), but the definition of the 
element body of the/each detector element is still re- 

5 tained due to the inclusion of the slot(s) through at least 
part of the thickness of the layer. It should be noted that 
the applicant finds that the slot-defined detector ele- 
ments of the present invention had a much belter per- 
fomnance than the modified structure with the array of 

10 US-A-4 521 798 and US-A-4 559 695 in a detector with 
bonded immersion lenses and operated at moderately 
high cryogenic temperature (for example about 192K). 
This better performance seems to be due to the fact that 
the slots provided around at least a majority of the pe- 

15 riphery of each detector element body in accordance 
with the present invention restrict the volume of the body 
material contributing to thermally-generated leakage 
currents, so reducing these leakage currents. 

The applicant finds that the adhesive film may be 

20 present both in the slot and on the/each detector ele- 
ment body without seriously degrading the detector el- 
ement characteristics. In this case, the adhesive film on 
top of the/each detector element body should be kept 
very thin. However, it is also possible to keep the detec- 
ts tor element body/bodies free of the adhesive film, by 
confining the adhesive to the perimeter of the layer out- 
side of the detector element(s) area. 

When an array of said element bodies is present 
between the substrate and the optical element, there 

30 may be present between neighbouring detector ele- 
ments of the array a part of the layer which does not 
comprise infrared detector elements of the array and 
which forms a grid laterally separated by the slots from 
each of the element bodies. This grid structure may be 

35 adopted for linear arrays and for 2-dimensional arrays. 
However, if desired the grid part may be made discon- 
tinuous with further slots being present between parts 
of the grid in different areas of the array. These further 
slots may, for example, isolate islands of the layer which 

40 are used as parts of the connections to the detector el- 
ements. Depending on the arrangement and structure 
of the array and of its individual detector elements, the 
slots may extend through the entire thickness of the lay- 
er or alternatively through only a part of the thickness of 

45 the layer. More than one said layer comprising detector 
elements and slots may be present, with one layer on 
top of another, between the substrate and the optical 
element so that different detector elements having dif- 
ferent infrared wavelength response may be formed at 

so the different levels. 

The optical element may be, for example, a lens 
plate on which the detector elements are optically im- 
mersed. However the invention may be used in a large 
variety of applications, some of which may require other 

55 optical elements, for example, prismatic elements, 
wedges, or fibre optic plates. The substrate may be. for 
example, an insulating support carrying conductive 
tracks as connections for the detector elements, or a 
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semiconductor integrated circuit, or another layer com- 
prising detector elements of different wavelength re- 
sponse, or for example, simply a base on which an as- 
sembly of the detector element(s) and optical element 
(s) is mounted. 5 

These and other features in accordance with the in- 
vention are illustrated specifically in embodiments of the 
invention now to be described, by way of example, with 
reference to Figures 4 to 8 of the accompanying dia- 
grammatic drawings. In these drawings: 

Figure 1 is a cross-sectional view of an infrared 
detector of the type described in GB-A-2 241 605. 
Figure 2 is a plan view of the detector-element and 
adhesive-film structure of the detector of Figure 1, 
and taken on the line 11-11 of Figure 1 ; 
Figure 3 is a graph of the reciprocal of the cut-off 
wavelength X in ^m against the operating tempera- 
ture T In K, showing the wavelength shift on bonding 
to the lens plate in the structure of Figures 1 and 2. 
Figure 4 Is a cross-sectional view of part of an infra- 
red detector in accordance with the present inven- 
tion; 

Figure 5 Is a plan view of one example of the detec- 
tor-element and slotted-layer structure of Figure 4 
for a linear array, and taken on the line V-Vof Figure 
4; 

Figure 6 is a plan view of one example of the detec- 
tor-element and slotted-layer structure of Figure 4 
for a 2-dimensiona! array, and taken on the line V- 
V of Figure 4; 

Figure 7 is a cross-sectional view similar to Figure 
4 of part of the detector of Figure 5 in a modified 
form also in accordance with the present invention; 
Figure 8 is a plan view (similar to Figure 6) of one 
example of a lower-level layer of detector elements 
and slots on which the structure of Figure 6 may be 
provided to form a 2-level 2-dimensional array of 
detector elements with different wavelength 
response, between the substrate and optical ele- 
ment; 

Figure 9 is a cross-sectional view on the line XI-XI 
of Figure 10 of part of another example of an infra- 
red detector array in accordance with the present 
invention and having a modified form for its detector 
elements, and 

Figure 10 Is a plan view of the detector-element and 
slotted-layer structure of Figure 9. 

It should be noted that Figures 1 and 2 and Figures 
4 to 10 are diagrammatic and not drawn to scale. Rela- 
tive dimensk>ns and proportions of part of these Figures 
have been shown exaggerated or reduced in size for the 
sake of clarity and convenience in the drawings. The 
same reference signs are generally used to refer to cor- 
responding or similar features In the different embodi- 
ments and different drawings. 

The Infrared detector of Figures 4 and 5 comprises 



an array of detector elements sandwiched between a 
substrate 20 and a lens plate 1 0. Each detector element 
comprises a body 1 of infrared-sensitive semiconductor 
material having an energy bandgap suitable for detect- 
ing infrared radiation up to a specified cut-off wave- 
length at the operating temperature of the detector. In 
operation, the detector elements are normally cooled by 
thermal conduction through the substrate 20 to a cryo- 
genic cooler. Thus, for example, the body 1 may be of 
cadmium mercury telluride whose composition is such 
that it has a cut-off wavelength of, for example about 
12^m at about 77K and about 9pxn at about 192K. As 
is known, a temperature of about 77K can be obtained 
with a liquid-nitrogen cryostat (for example a Joule- 
Thomson cooler, or Stirling engine), whereas a temper- 
ature of 192K can be obtained thermoelectrically using 
a Peltier cooler. 

In accordance with the present invention, each el- 
ement body 1 is a part of a wider layer 1 and 8 of the 
infrared-sensitive material which occupies a majority of 
the volume around the body 1 between the substrate 20 
and the lens plate 1 0. There is present between the layer 
1 and 8 and the lens plate 10 an adhesive film 11 by 
means of which the lens plate 10 is secured over the 
element bodies 1 . Each element body 1 is laterally sep- 
arated around at least a majority of its periphery from 
the remainder 8 of the layer 1 and 8 by a slot 9. The slot 
9 extends through the thickness of the layer 1 and 8 (see 
Figure 4) and defines at least a majority of the periphery 
of the element body 1 (see Figures 5 and 6). In the ex- 
ample of Figure 5, the slot 9 extends on three of the four 
sides of the element body 1 as a U shaped outline 
around most of the body periphery. In the example of 
Figure 6, the slot 9 extends on all sides of the element 
body 1 as a rectangular outline. 

In specific examples of the detector of Figures 4 and 
5 or Figures 4 and 6, each element body 1 comprises a 
vertical p-n junction 3 between an n type region 4 at one 
end of the body 1 and a p type region 2 at the opposite 
end of the body 1 . The layer 1 and 8 may be of p type 
conductivity In which the n type regions may be formed 
by ion-milling apertures 7 through the thickness of the 
p type layer by the method disclosed in US-A-4 559 695. 
Each aperture 7 may then be lined with an electrode 6. 
A thin metal layer (for example of chromium) deposited 
to form the electrode 6 may also provide the electrode 
5 for the p type region 2. The structure of the detector 
elements in this example is such that the slots 9 extend 
through the entire thickness of the layer 1 and 8. The 
slot 9 may be etched through the layer 1 and 8 using a 
chemical etchant which does not convert the conductiv- 
ity type, for example a known etchant solution of bro- 
mine In methanol. Preferably, at least the top and bottom 
faces of the detector element are passivated, for exam- 
ple with a layer of zinc sulphide. This passivation layer 
may also extend on the top and bottom faces of the re- 
mainder 8 of the layer 1 and 8. 

In this specific example of the detector of Figures 4 
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and 5, the substrate 20 may be of, for example, sapphire 
or another insulating material carrying a metallisation 
pattern forming conductor tracks as electrical connec- 
tions for the detector elements (similar to tracks 22 and 
24 shown in Figures 1 and 2). The layer 1 and 8 is bond- 
ed to the substrate 20 by an adhesive film 12, and is 
processed to iom the regions 4, apertures 7, electrodes 
5 and 6 and slots 9 in situ on the substrate 20. The elec- 
trode 6 of each detector element extends in the aperture 
7 through the thickness of the body 1 to an underlying 
part of the substrate connection 24 (which is only shown 
in Figure 5 where it crosses the slot 9). 

In the embodiment of Figure 4. the adhesive film 11 
(which may be an insulating epoxy, in a specific exam- 
ple) is present both in the slots 9 and on each element 
body 1 facing the lens plate 10 so as to bond each de- 
tector element to the plate 10. The adhesive film be- 
tween the element body 1 and the lens plate 10 is very 
thin 80 that the detector elements are optically im- 
mersed on the lens. Even in this case with the adhesive 
11 in the slots 9, the volume of the adhesive 11 contact- 
ing the bodies 1 is greatly reduced in the Figure 4 struc- 
ture in accordance with the Invention, as compared with 
the Figure 1 structure. This significantly reduces strain- 
ing of the semiconductor lattice of the cadmium mercury 
tellurlde body 1 and its consequent change in the energy 
bandgap. 

Table 1 illustrates this improvement, in terms of the 
cut-off wavelength X in |im measured at two tempera- 
tures (77K and 1 92K) both before and after bonding the 
lens plate 10 to the detector-element bodies 1 by the 
adhesive film 11. 



TABLE 1 





\ (77K) in urn 


X(192K) in^m 


DBS 


before 


after 


before 


after 


2a 


NM 


NM 


8.8 


7.9 


2b 


NM 


NM 


8.9 


8.1 


2c 


NM 


9.9 


8.9 


8.0 


2d 


NM 


9.6 


9.0 


7.9 


3a 


NM 


11.5 


NM 


9.0 


3b 


NM 


12.0 


NM 


8.9 


3c 


NM 


11.8 


NM 


8.9 


5a 


11.7 


11.7 


9.1 


8.9 


5b 


NM 


12.2 


NM 


9.0 


NM = not measured. 



The results of Table 1 were measured for three different 
detector element stojctures (DES) formed from the 
same slice of cadmium mercury telluride, each mounted 
on Its own sapphire substrate 20 below a lens plate 10. 
Detector element structures 5a and 5b were those of the 
specific example of Figures 4 and 5, in which the thick- 
ness of the cadmium mercury telluride layer 1 and 8 was 
about 2.5^m, the element bodies 1 were 1 0|im wide and 



15^m long, the slots 9 were about 5^m wide, the width 
of the layer part 8 between neighbouring element bodies 
1 was about 35^m, and the epoxy adhesive film was 
100 to 200nm thick on the element bodies 1 and filled 

5 the slots 9. Detector element structures 2a to 2d were 
for a comparable specific example of Figures 1 and 2 
having the same element body size as for DES 5a and 
5b but with the layer part 8 etched away and filled with 
the epoxy adhesive 11. Detector element structures 3a 

10 to 3c were for another comparable specific example In 
which the detector elements 1 of Figures 1 and 2 and of 
Figures 4 and 5 were replaced with a p type layer of the 
same thickness as the layer 1 and 8 but having detector 
elements fonmed around apertures in the layer as In US- 

75 A-4 559 695 and without any slots 9 in the layer. The 
spread in values for the same detector-element struc- 
tures measured under the same conditions result from 
the measurement accuracy and slight variations in the 
thickness of the cadmium mercury telluride and the 

20 epoxy adhesive. 

As can be seen from the "before" and "after" meas- 
urements in Table 1 , there is little change in the cut-off 
wavelength for the DESs 5a and 5b in accordance with 
the invention. Furthermore, the "after" measurements of 

25 these DESs 5a and 5b are comparable with those for 
the virtually continuous layer of DESs 3a to 3c. By con- 
trast the measurements of the DESs 2a to 2d show a 
decrease in X of about Ijim after bonding to the lens 
plate 1 0, at both operating temperatures 77K and 1 92K. 

30 Although DESs 3a to 3c had comparable \ characteris- 
tics to DESs 5a and 5b In accordance with the invention, 
the detectivity (D*) of DESs 3a to 3c was only 0.7cm. 
Hz^.W-i at 192K and this was only a third of the detec- 
tivity of DESs 5a and 5b at that temperature. This poorer 

35 performance of DESs 3a to 3c seems to result from the 
large volume of p type material around their element 
junctions which contributes to the thermally-generated 
leakage currents in DESs 3a to 3c. By contrast there- 
with, DESs 5a and 5b in accordance with the invention 

40 had a higher junction resistance which seems to result 
from the slots 9 extending on three of the four sides of 
the element body so restricting the volume of p type ma- 
terial which contributes to the thermally-generated leak- 
age current of the detector element. 

45 The following Table 2 lists similar X measurements 
made on further detector element structures in accord- 
ance with the specific example of Figures 4 and 5 and 
with substantially the same dimensions, but constructed 
from different slices of cadmium mercury telluride of 

50 about the same composition. 



TABLE 2 



55 





X (77K) in ^im 


X(192K) in^m 


DES 


before 


after 


before 


after 


5c 


12.5 


12.8 


NM 


9.4 



Continuation of the Table on the next page 
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TABLE 2 (continued) 





X (77K) In 


X(192K 


in p.m 


DES 


before 


after 


before 


after 


5d 
5e 


12.4 
NM 


13.2 
11.9 


NM 
NM 


9.1 
9.0 



It is possible to confine the adhesive to the perime- 
ter of the layer 1 and 8 so that the central area compris- 
ing the detector elements is kept free of the adhesive 
film 1 1 . Thus, in the linear array of Figure 5, the adhesive 
1 1 may be provided in a rectangular frame around the 
layer 1 and 8 or for example only along the top and bot- 
tom of the Figure 5 drawing. It is desirable to press the 
lens plate 10 tightly against the layer 1 and 8 during the 
adhesive bonding in order to minimise the air gap be- 
tween the detector elements 1 and the lens plate 10 so 
as to preserve good optical immersion. However, rather 
than trying to limit the location of the adhesive film 11 
on the layer 1 and 8, it is often more convenient in a 
manufacturing process to provide a thin film of the ad- 
hesive 11 over the whole upper face of the detector el- 
ement array. In this case, the adhesive also flows into 
the slots 9 and tends to fill these slots, although they 
may remain partly unfilled due to trapped pockets of air. 
In order to reduce the volume of adhesive 11 bonding 
the element bodies (and so reduce stress in the element 
bodies 1), the width of the slots 9 is preferably kept to a 
minimum consistent with a reliable manufacturing yield. 
The minimum reliably reproduceable width for the slots 
9 depends on the etching process used for their forma- 
tion. However, typically, the width of the slots 9 may be 
between two and three times the thickness of the layer 
1 and 8, and preferably is less than five times the thick- 
ness of the layer 1 and 8. 

The detector elements shown in Figure 5 are ar- 
ranged in a row as a linear array. The remainder 8 of the 
layer 1 does not comprise infrared detector elements of 
the array but merely fomns a grid (in the shape of a lad- 
der) which occupies a majority of the volume around the 
detector-element bodies 1 so as to reduce their straining 
by the adhesive film 11. In the particular form shown in 
Figure 5, the row of bodies 1 extend laterally as fingers 
of a comb from an integral part of the remainder 8 of the 
layer 1 and 8. This integral part underlies an extension 
of the electrode 5 which forms a common electrical con- 
nection to the row of element bodies 1. The common 
extended electrode 5 may electrically contact most (or 
even the whole) of the p type underlying integral part 
which may therefore form an electrical part of the com- 
mon electrical connection of the array However, except 
where it contacts the region 2 in each element body 1. 
the extended electrode 5 may be Insulated by a passi- 
vation layer of ZnS from the p type underlying integral 
part which may therefore simply constitute a mechanical 
support for part of the common electrical connection 5. 
The common extended electrode 5 may extend over the 



edge of the layer part 8 and onto the substrate conductor 
22 (not shown in Figure 5). 

However a modification of Figure 5 Is possible in 
which the slots 9 extend also on the fourth side of each 

5 rectangular body 1 so as to isolate the element bodies 
1 from the remainder 8 of the layer 1 and 8. In this case, 
the electrode 5 of each detector element may be con- 
fined to an end face of the p type region 2 of each ele- 
ment body 1 and extend directly from that end face to a 

10 conductor track 22 on the substrate 20. The body struc- 
ture of each detector element may even be similar to 
that of the element bodies 1 of Figure 2, except that the 
remainder 8 of the layer 1 and 8 which provides the el- 
ement bodies 1 extends as a grid between and around 

IS the element bodies 1 from which it is separated by the 
slots 9. 

Figure 5 illustrates a single row of the element bod- 
ies 1 arranged in a linear array. The structure of Figure 
5 can be adapted to form two such rows of element bod- 

20 jes 1 by providing a mirror image of the Figure 5 struc- 
ture at the top half of Figure 5. 1 n this double-row device, 
the element bodies 1 of one row may be located in line 
with corresponding element bodies 1 of the other row. 
Alternatively, the element bodies 1 of one row may be 

25 located in line with layer parts 8 between neighbouring 
element bodies 1 of the other row. 

The present invention may also be used for 2-di- 
mensional arrays of detector elements. One example of 
such a 2-dimenstonal array in accordance with the in- 

30 ventlon is illustrated in Figure 6. in which the element 
bodies 1 are isolated parts of the layer 1 and 8, the re- 
mainder 8 of which does not comprise any infrared de- 
tector elements and fomns a rectangular grid network 
around the element bodies 1 from which it is separated 

35 by the slots 9. The electrodes 5 to the p type region 2 of 
each detector element may extend on an end face of 
the element body 1 . The electrodes 6 to the n type re- 
gions 4 may extend on an opposite end face of each 
body 1 or in a aperture 7 in each element body 1 . It is 

40 also possible to use the grid 8 to support (or even form 
an electrical part of) a common connection to the p type 
regions 2 of the detector elements by having the slot 9 
on three sides only (i.e. not at the p type end) of each 
element body 1. In the Figure 6 embodiment an insulat- 
es ing substrate 20 with conductor tracks 24 and 25 may 
be used (similar to the previous embodiments). Alterna- 
tively, the substrate 20 may be, for example, a silicon 
integrated circuit comprising both connections for the 
detector elements and circuitry for processing the sig- 

so nals from the detector elements. 

In the embodiments so far described, the lens plate 
10 is bonded by the adhesive film 11 to the layer 1 and 
8 which Is already mounted on the substrate 20. Figure 
7 Illustrates another embodiment in which the layer 1 

55 and 8 is first provided on the lens plate 1 0, and the sub- 
strate 20 is then bonded by the adhesive film 11 to the 
layer 1 and 8 on the lens plate 10. In this case, the layer 
1 and 8 may be of crystalline material (for example cad- 
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mium mercury telluride) epitaxlally grown on the lens 
plate 10 which may be of tor example monocrystalline 
cadmium telluride or for example monocrystalline silicon 
coated with cadmium telluride at the face where the cad- 
mium mercury telluride layer 1 and 8 is to be deposited. 
After growing the cadmium mercury telluride as a con- 
tinuous layer on the lens plate 10, it is then processed 
to form the regions 4, apertures 7, electrodes 5 and 6 
and slots 9 in situ on the lens plate 20. In this case, the 
detector elements may be connected to circuitry formed 
in parts of the silicon lens plate adjacent to the part 8 of 
the cadmium mercury telluride layer 1 and 8. 

The embodiments illustrated herein have been de- 
scribed with a layer 1 and 8 of cadmium mercury tellu- 
ride, because this is the most common and most impor- 
tant infrared-sensitive semiconductor material for high 
performance detectors. However, the invention may 
also be used with other infrared-sensitive semiconduc- 
tor materials, for example indium antimonide. 

Although an array of lenses corresponding to the 
array of detector elements has been illustrated in a lens 
plate 10, the invention may also be used with other op- 
tical elements. Thus, the element bodies 1 and the re- 
mainder 8 of the layer 1 and 8 (with the slots 9) may be 
sandwiched between a substrate 20 and an optical plate 
10 comprising an array of prismatic elements corre- 
sponding to the array of detector-elements (for example 
as in GB-A-1 525 562), or even a wedge-shaped plate 
or single lens element over the whole of an array (for 
example as in Figures 2,5,8 and 9 of United Kingdom 
patent application 8531497.9 published as GB-A-2 240 
444 on 31st July 1991). 

Furthermore, although the embodiments described 
so far show only a single level of detector elements be- 
tween the substrate 20 and the optical element 10, the 
invention may be applied to each level of a multiple-level 
detector array structure (for example as described in 
United Kingdom patent application 9022464.3. filed on 
17th October 1990 and published as GB-A-2 248 964 
on 22nd April 1992). The two levels may comprise dif- 
ferent infrared-sensitive semiconductor materials hav- 
ing different bandgaps so as to provide different infrared 
wavelength responses. The lower level may be mount- 
ed on, for example, a silicon integrated circuit 20 via an 
epoxy adhesive layer. As an example in accordance 
with the invention, the upper level of detector elements 
may have the layer structure 1 and 8 illustrated in Figure 
6, whereas the lower level may have the layer stnjcture 
1 and 8 illustrated in Figure 8, In this lower level of Figure 
8. the slots 9 not only separate the lower element bodies 
1 from the remainder of the layer 8 but also isolate both 
n type islands 84 and p type islands 85 from the p type 
remainder 8 of the layer and from the lower element bod- 
ies 1. When the upper level layer structure 1 and 8 is 
aligned on this lower level structure, the element bodies 
1 are superimposed as a cross centred on the symbol 
•V in Figures 6 and 7 and the n type region 4 of the upper 
detector elements overiies a lower n type island 84. The 



aperture 7 through the upper region 4 is continued 
through the underlying island 84 as an aperture 87 to 
carry the upper-level electrode 6 to the circuit substrate 
20. The upper-level electrode 5 may be carried to the 

5 circuit substrate 20 via the p type islands 85. The upper 
layer 1 and 8 of Figure 6 is bonded to the lower layer 1 
and 8 of Figure 8 by an adhesive film, and an optical 
element 1 0 is bonded to the upper layer 1 and 8 of Figure 
6 by the film 11 as previously described. 

10 Even in a device embodiment having a single level 
of detector elements 1 in a single slotted layer 1 and 8 
between the substrate 20 and the optical element 10, 
the slots 9 In the layer 1 and 8 may isolate islands 84 
and 85 from the element bodies 1 and the remainder 8 

IS of the layer 1 and 8. In this case, instead of the detector 
elements 1 of the layer 1 and 8 having electrodes 5 and 
6 extending either down a side of the element body 1 or 
through an aperture 7 in the element body 1 . the detec- 
tor element connections may comprise the islands 84 

20 and 85 which are electrically connected to the element 
body 1 by bridging conductor tracks extending over an 
insulating filling in the slots 9. 

The detector elements in the embodiments of Fig- 
ures 4 to 8 comprise a vertical p-n junction 3, and the 

25 slots 9 extend through the entire thickness of the layer 
1 and 8 to define the periphery of each element body 1 . 
The embodiment of Figures 9 and 10 illustrates a mod- 
ified detector-element structure having a horizontal p-n 
junction 3 between an n type region 4 and an underlying 

30 p type region 2. The total semiconductor layer 1 and 8 
in this example comprises a p type sub-layer 2 adjacent 
one face and n type regions adjacent its opposite face. 
The slots 9 are present in this opposite face and extend 
through only a part of the thickness of the layer 1 and 8 

35 to the n type sub-layer 2. In a specific example, the total 
thickness of the layer 1 and 8 may be lO^m whereas 
the slots 9 may have a depth of 6|im. 

The p type sub-layer 2 provides a common electri- 
cal connection of the array of detector elements, and it 

40 may extend to the opposite face (for example at a pe- 
ripheral region of the layer 1 and 8) where an electrode 

5 may be provided. The n type regions adjacent this op- 
posite face may be restricted to the areas of the element 
bodies 1 , or they may be present also in the remainder 

45 8 of the layer in which case (as shown in Figures 9 and 
10) they are isolated from the element regions 4 by the 
slots 9. The element bodies 1 have individual electrodes 

6 contacting their regions 4. Figure 1 0 Illustrates this em- 
bodiment as a modification of the Figure 7 arrangement 

50 in which the layer 1 and 8 is of cadmium mercury tellu- 
ride epitaxlally grown on a cadmium telluride buffer layer 
on the lens plate 10. 

In the embodiments of Figures 4 to 1 0, one or more 
slotted infrared-sensitive semiconductor layers 1 and 8 

55 occupies most of the thickness between the substrate 
20 and optical element 10. However, the detector ele- 
ments may comprise a slotted layer 1 and 8 of such in- 
frared-sensitive semiconductor material (for example 
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electrical connection for the/each detector element 
Is carried by the substrate (20). 

7. A detector as claimed in claim 6, further character- 
5 ised In that an electrode of the/each detector ele- 
ment extends in an aperture (7) through the thick- 
ness of the/each element body to the substrate con- 
nection. 

TO 8. A detector as claimed In any one of the preceding 
claims, further characterised in that the layer (1,8) 
is mounted on the substrate (20), and the optical 
element (10) is bonded by the adhesive film (11) to 
the layer on the substrate. 

IS 

9. A detector as claimed In any one of claims 1 to 7, 
further characterised in that the layer is of crystalline 
material epitaxially grown on the optical element 
(10), and the substrate is bonded by the adhesive 

20 film (1 1 ) to the layer (1 ,8) on the optical element. 

10. A detector as claimed In any one of the preceding 
claims, further characterised in that the layer is of 
cadmium mercury telluride. 

25 f 

11. A detector as claimed in any one of the preceding 
claims, further characterised in that two of said slot- 
ted layers of infrared-sensitive semiconductor 
material are present between the substrate and the 

30 optical element, one layer being present on top of 
the other layer and having a different infrared wave- 
length response. 

3S PatentansprOche 



cadmium mercury telluride) on a thick insulating layer 
(for example cadmium telluride), and this thick insulating 
layer may even occupy as much as half of the thickness 
between the substrate 20 and the optical element 10. 



Claims 

1 . An infrared detector comprising at least one detec- 
tor element which has a body (1) of infrared -sensi- 
tive semiconductor material and which is sand- 
wiched between two members, namely a substrate 
(20) and an optical element (10), one of the mem- 
bers being secured over the body by an adhesive 
film (11), characterised in that the element body (1) 
is a part of a wider layer (1 ,8) of the infrared-sensi- 
tive semiconductor material which occupies a 
majority of the volume around the element body 
between the substrate and the optical element, the 
adhesive film (1 1 ) is present between the layer and 
the one member, and in that the element body is 
laterally separated around at least a majority of its 
periphery from the remainder of the layer by a slot 
(9) which extends through at least part of the thick- 
ness of the layer and which defines at least a major- 
ity of the periphery of the element body 

2. A detector as claimed in claim 1 , further character- 
ised in that an array of said element bodies is 
present between the substrate (20) and the optical 
element (10). and in that there is present between 
neighbouring detector elements of the array a part 
of the layer which does not comprise infrared detec- 
tor elements of the array and which forms a grid lat- 
erally separated by the slots from each of the ele- 
ment bodies, 

3. A detector as claimed in claim 2, further character- 
ised in that a row of said element bodies (1 ) extend 
laterally as fingers of a comb from a part of the layer 
(8) forming part of a common electrical connection 
to the row of element bodies. 

4. A detector as claimed in claim 2, further character- 
ised in that the slots extend through only a part of 
the thickness of the layer to a sub-layer (2) of one 
conductivity type which provides a common electri- 
cal connection of the array of detector elements. 

5. A detector as claimed in any one of the preceding 
claims, further characterised in that the adhesive 
film (11) is present both in the slot (9) and on 
the/each detector element body facing the one 
member so as to bond the/each detector element 
to the one member. 

6. A detector as claimed in any one of the preceding 
claims, further characterised in that at least one 



1. Ein InfrarotdetektormitwenigstenseinemDetektor- 
element, welches ein en Korper (1 ) aus inf rarotemp- 
findlichem Halbleitermaterial aufweist und welches 

40 zwischen zwei Gliedern, namlich einem Substrat 
(20) und einem optischen Element (10) sandwich- 
artig angeordnet ist, wobei eines der Glieder uber 
dem Korper durch einen Haltfilm (11) befestigt ist, 
dadurch gekennzeichnet, da3 der Elementkorper 

45 (1) ein Tell einer breiteren Schicht (1, 8) des infra- 
rotempfindlichen Halbleitermaterials ist, welches 
einen Hauptteil des Volumens um den Elementkor- 
per zwischen dem Substrat und dem optischen Ele- 
ment besetzt, der Haftfilm (11 ) zwischen der Schicht 

60 und dem einen Glied vorhanden ist, und daft der 
Elementkorper lateral um wenigstens einen Haupt- 
teil seiner Peripherie herum von dem Rest der 
Schicht durch einen Schlitz (9) getrennt ist, welcher 
sich durch wenigstens einen Tell der Dicke der 

55 Schicht erstreckt und welcher wenigstens einen 
Hauptteil der Peripherie des Elementkorpers defi- 
niert. 
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2. Ein Detektor wie in Anspruch 1 beansprucht, weiter 
dadurch gekennzeichnet, da3 ein Feld der Ete- 
mentkorper zwischen denr) Substrat (20) und dem 
optischen Element (10) vorhanden ist und daB dort 
zwischen benachbarten Detektorelennenten des 
Feldes ein Teil der Scliicht vorhanden ist, welcher 
keine Infrarotdetektorelemente des Feldes umfaQt, 
und welcher ein Gitter bildet. das lateral durch die 
Schlitze von jedem der Elementkorper getrennt ist. 

3. Ein Detektor wie in Anspruch 2 beansprucht, weiter 
dadurch gekennzelchnet, daB eine Reihe der Ele- 
mentkorper (1 ) sich lateral wie Finger eines Kam- 
mes von einem Teil der Schicht (8) erstreckt, die 
einen Tell einer gemeinsamen elektrischen Verbin- 
dung mit der ReIhe von Elementkorpern bildet. 

4. Ein Detektor wie in Anspruch 2 beansprucht, weiter 
dadurch gekennzelchnet, daG sich die Schlitze 
durch nur einen Teil der Dicke der Schicht zu einer 
Unterschicht (2) aus einem Leitfahigkeitstyp 
erstrecken, welche eine gemeinsame elektrlsche 
Verbindungdes Feldes von Detektorelementen vor- 
sieht. 

5. Ein Detektor wie in einem der vorhergehenden 
Anspruche beansprucht. weiter dadurch gekenn- 
zeichnet, da3 der Haftfilm (11) sowohl in dem 
Schlitz (9) als auch auf dem/jedem Detektorele- 
mentkorper vorgesehen ist. der/die dem einen 
Glied zugewandt sind, um das/jedes Detektorele- 
ment mit dem einen Glied zu verbinden. 

6. Ein Detektor wie in einem der vorhergehenden 
Anspruche beansprucht. weiter dadurch gekenn- 
zelchnet, da6 wenigstens eine elektrlsche Verbin- 
dung fur das/jedes Detektorelement durch das Sub- 
strat (20) getragen ist. 

7. Ein Detektor wie in Anspruch 6 beansprucht, weiter 
dadurch gekennzelchnet, daB eine Elektrode von 
dem/jedem Detektorelement sich in eine Offnung 
(7) durch die Dicke von dem/jedem Elementkorper 
zu der Substratverbindung erstreckt. 

8. Ein Detektor wie in einem der vorhergehenden 
AnsprQche beansprucht. weiter dadurch gekenn- 
zelchnet. daB die Schicht (1 , 8) auf dem Substrat 
(20) befestigt und das optische Element (10) durch 
den Haftfilm (11) mit der Schicht auf dem Substrat 
verbunden ist. 

9. Ein Detektor wie in einem der Anspruche 1 bis 7 
beansprucht, weiter dadurch gekennzelchnet, daB 
die Schbht aus kristallinem Material besteht, das 
epitaktisch auf dem optischen Element (10) aufge- 
wachsen ist, und das Substrat durch den Haftfilm 
(11) mit der Schicht (1, 8) auf dem optischen Ele- 
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ment verbunden ist. 

10. Ein Detektor wie in einem der vorhergehenden 
Anspruche beansprucht, weiter dadurch gekenn- 

s zeichnet, daB die Schicht aus Cadmium-Quecksit- 
ber-Tellurid besteht. 

11. Ein Detektor wie in einem der vorhergehenden 
AnsprQche beansprucht, weiter dadurch gekenn- 
zelchnet, daB zwei der mit Schlitzen versehenen 
Schichten aus infrarotempfindllchem Halbleiterma- 
terial zwischen dem Substrat und dem optischen 
Element vorhanden sind. wobei eine Schicht auf 
der Oberseite der anderen Schicht vorhanden ist 
und eine unterschiedliche Infrarotwellenlangenant- 
wort aufweist. 



Revendlcations 

1. D6tecteur infrarouge, comprenant au moins un 616- 
ment d6tecteur qui a un corps (1 ) de mati6re semi- 
conductrice sensible aux rayons infrarouges et qui 
est pris en sandwich entre deux organes. k savoir 
un substrat (20) et un 616ment optique (10), un des 
organes 6tant fix6 sur le corps par un film de colle 
(1 1 ), caract6ris6 en ce que le corps de r6l6ment (1 ) 
fait partie d'une couche plus large (8) de la mati^re 
semlconductrice sensible aux rayons infrarouges 
qui occupe la plus grande partie du volume autour 
du corps de r6l6ment entre le substrat et i'6l6ment 
optique, le film de colle (1 1 ) est pr6sent entre la cou- 
che et le un organe, et en ce que le corps de 1*616- 
ment est s6par6 Iat6ralement autour d'au moins la 
plus grande partie de sa p6riph6rie du reste de la 
couche par une fente (9) qui s'6tend dans au moins 
une partie de I'epalsseur de la couche et qui d6finit 
au moins la plus grande partie de la p6rlph6rie du 
corps de r6l6ment. 

2. D6tecteur seton la revendication 1 . caract6ris6 en 
outre en ce qu'un groupement desdits corps d'6l6- 
ments est pr6sent entre le substrat (20) et r6l6ment 
optique (10), et en ce qu'est pr6sente entre des 616- 
ments d6tecteurs du groupement une partie de la 
couche qui ne comprend pas d'6l6ments d6tecteurs 
infrarouges du groupement et qui forme une grille 
s6par6e Iat6ralement par les fentes de chacun des 
corps d'6l6ments. 

3. Ddtecteur sek>n la revendication 2, caract6ris6 en 

outre en ce qu'une ligne desdits corps d'6l6ments 
(1 ) s'6tend Iat6ralement comme les doigts d'un pei- 
gne k partir d'une partie de la couche (8) faisant par- 
tie d'une connexion 6lectrique commune k la ligne 
de corps d'6l6ments. 

4. D6tecteur selon la revendication 2. caract6ris6 en 
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outre en ce que les fentes s'^tendent dans une par- 
tie seulement de I'^paisseur de la couche jusqu'd 
une sous-couche (2) d'un type de conductibilitd qui 
fournrt une connexion diectrique connmune du grou- 
pement d'dldments d^tecteurs. s 

5. Ddtecteur selon Tune quelconque des revendica- 
tions prdcddentes, caractdrisd en outre en ce que 
le film de colle (11 ) est present tant dans la fente (9) 
que sur le corps d'6l6ment d6tecteur ou chaque io 
corps d'6l6ment d6lecteur faisant face au un organe 

de mani^re k coller r^ldment ddtecteur ou chaque 
^l^ment d^tecteur au un organe. 

6. D6tecteur selon Tune quelconque des revendica- is 
tions pr6c6dentes, caract6ris6 en outre en ce qu'au 
moins une connexion 6lectrique pour r6l6ment 
d^tecteur ou chaque element ddtecteur est portde 
par le substrat (20). 

20 

7. Ddtecteur selon la revendication 6. caract6ris6 en 
outre en ce qu'une Electrode de I'dl^ment d^tecteur 
ou de chaque 6l6ment d^tecteur s'^tend dans une 
ouverture (7) dans toute I'^paisseur du corps de 
I'dl^ment ou de chaque 6i6ment jusqu'^ la con- 2S 
nexlon au substrat. 



8. D^tecteur selon Tune quelconque des revendica- 
tions pr^c^dentes. caract^risS en outre en ce que 

la couche (18) est form^e sur le substrat (20) et 30 
r^ldment optique (10) est coll6 par le film de colle 
(11) ^ la couche formde sur le substrat. 

9. Ddtecteur selon I'une quelconque des revendica- 
tions 1 ^ 7, caract6ris6 en outre en ce que la couche 35 
est constitud d'une mati^re cristalline d^posde par 
croissance 6pitaxiale sur r6I6ment optique (10), et 

le substrat est col 16 par le film de colle (1 1 ) d la cou- 
che (1 , 8) form^e sur I'^l^ment optique. 

40 

10. D^tecteur selon I'une quelconque des revendlca- 
tions prSc^dentes, caract6ris6 en outre en ce que 
la couche est constitute de tellurure de cadmium 
et de mercure. 

45 

11. Dttecteur selon I'une quelconque des revendica- 
tions prdcddentes. caractdrisd en outre en ce que 
deux desdites couches k fentes de mati^re semi- 
conductrice sensible aux rayons infrarouges sont 
prdsentes entre le substrat et I'tldment optique, une 50 
couche 6tant prdsente sur ie dessus de I'autre cou- 
che et ayant une rdponse d une longueur d'onde 
infrarouge diffdrente. 
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